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METHOD FOR SCAVENGING RADICALS UITH UROCANIC ACID. DERIVATIVES AND ANAL06UES 



The i.nvcnr±on relates t:o ant:iox:xdant:s ox- radical 
scavengers and chelr reacclon producr:s. 

snran^-ur-oeanic acid ( niran^-UCA) is a major ulcravi ol ftt 
(UV) absorbing conrponenc of the hnmarj epi dermis . Absorption 
5 of UV radiation from the UV-C region (200 - 290 nm) inco the 
UV-A-I region (340 - 400 nm) causes photoi psomftrizacion of 
Crans-UCA into ois-UCA in vivo as well as Sa vitxno [1-3] • 
Because of thi£3 property, crans-UCA has been used as natural 
simscreen agent [4]. This use had later been minimi 7:ftd fsxriG^ 
10 it became clear that photoproduct cis-UCA can mimic some of 
the effects of UV on immunity, suggesting that this compound 
is an important mediator of UV- induced immunosuppression [5] , 
however, at the moment it is not clear what the main role of 
UCA or its mode of action is in the context of 
15 . immunomodulation* Although experiments in vivo supply 

avidanco for the imm\ino* suppressive potential of ci^-tTCA (8* 
12) , it is remarJcable ttiat m a number of cell cultures fin 
vx^x-o) suppression was nor found (13-17) . Siniilcix levels of 
cifl-UCA can be induced by UV-A and UV-B, but neverfehel^^aa UV- 
20 B is more potent in suppressing contact hypers ens itivix^y chan 
UV-A (IS) • 

The invention provides cornpoundo and con^ositions for 
use in methods for scavenging radicals or for modulating the 
immune response, comprising urocanic acid or salto, 

25 derivatives, functional equivalents and analogues thereof. 
Said compounds^ compositions and methods aa provided by the 
invention are based on the novel insight that urocanic acid 
isomiers are radical scavengers and corve as natural 
antioxidants m the body, in particular in skin. UV exposure 

30 of the skin cauees an increased level of oscidative stress 

With the inherent formation of reactive (hydroxyl) radicals. 
It is shown herein that (salts of) urooanic acid isomers or 
functional equivalents such as imidazole equivalents and 
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imidasolone derivatives thereof. In partxcular 
physiologically (in the body) occuirz-ixisf imidazole con^ouzida 
for exan^ld act as physiological antioxxdantfi capable ot 
efficiencly proUect-ing lipid plia0ea of biological mctnbzranee 
and paroteinaceous sobstances in aqueous environments against 
the action of radicals sucb as hydr-oacyl^ cxixglct o^cygen or 
other reactive odd«electron species. These species can be 
generated from hydrogfen peroxide upon UV irradiation^ and 
from hydrogen peroxide in px'&&erxc& of metial lone (ft.g. Fe**) , 
Che Fenton reaction- Buth types of reaction can occur in the 
epidermic [6] - Under conditions of oxidative stress, enhanced 
by exposure co uv [7] , it la evident that UCA isomers will 
encounter the randomly produced hydroxyl radicals in sitv^ 

The invention r.hiis provides in one embodiment a method 
for scavenging radicals in a subctance comprieing providing 
said substance with urocanxc acid or a functional equivalent 
I Lhex-eof I such as a salt or functionally related imidazole 
compound. Preterably, trans -urocanlc acid or a functional 
equivalent thereof is used, being most active or being least 
irnnnmosuppressive. using vurocanlc acid or equivalent's bheroof 
as antioxidant or radical scavexiger is advantageous over 
using other antio».dants, such as vitamin which are 
commonly not or only parcly soluble in water, whereas 
urocanic acid or* its analoguee dissolve easily in aeneous 
solutions. Especially where said substance compriscf&j a food 
product or cosmetic product, which are commonly water based, 
tiaing urocanic acid or its fionctional ecjnilvalent as provided 
by the invention is advantageouo over water ineoliible 
ancioxidanrs - Both isomers are water soliible hydroxyl radical 
scavengers and can be used in the water phase of numerous 
emulsions. Furthermore, urocanic acid isomers, being natural 
components of the body« aire eooontially non-fcoacic, which 
additionally is advantageous when preparing a food product ox 
cosmetic product - 

in another or subsequent embodiment, the invention thus 
provides a method for ocavenging radicals in a tissue, for 
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example sLibjeetive to oxidative stress, compx-i $;inQr providing 
iiaid tissue with urocanic acid, e.g. the invention provides 
use of urocanic acid or equivalents tiiereot tor the 
prepai-tttioxi or « pliAiuiAcieucical or cosmetic coniposition, for 
5 example for the treatinent of oxidative stress, such as for 
example manifested in wrinJcles and other signs of ageing 
tissuft, in particular Rkin. Oxidative stress in living 
organisms and their tissues, in particular the oxidation of 
proteins, ha<=5 been implicated in tlie pnenomenon of ageing. 

10 wrinkling, acute damage of proteins, ischemia reperfusion, 
atherosclerosis, and many rhronic diseases, such as 
psoriasis, scleroderma, lupus erythematosus, allergic contact 
dermatitis, vitiligo, lichen planus and graft -versus -host 
disease, or which treatment the invention now provides a 

15 piiarmaceuticai or cosmetic composition comprising urocanic 

acid or functional equivalent thereof • Such a composition is 
advantageously also used for immune modulatory purposes. 

In yet another embodiment, the invention provides use 
■'of an oxidation i^roduct of urocanic acid or eofuivalents 

20 ! thereof^such as salts or related imidazole compounds having 
similar effect) for the preparation of a pharmaceuticdl 
con^oeition, in particular wherein caid product is an photo- 
oxidation product- Herein is used the novel insight that uss a 
consequence of radical scavenging, epidermal isomers are 

25 converted by reactive oxygen species (ROS) into oxidation 
produetc with biological i.e. immxinomodulating effects. In 
contrast to the photoisomerizatlon of UCA, not much atteixtion 
hap ac yet been given to the oxidation of UCA. In particular 
not to the reaction of UCA isomers with the very reactive 

30 hydroxyl radicals, Hydroxyl radical c can be generated from 
hydrogen peroxide upon uv irradiation, and from hydroqen 
peroxide in contact with reduced metal ions^ e.g. ferrous 
(Fe*') ions- Both types of reaction can occur in the 
epidermis (6) * 

35 under conditions of .oxidative stress, eniionced by 

exposure to UV (7), it is evident that tJCA isomers will 
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eixcouxitex* thtt xroxxduiuly p-toduced hydx'Ox.yl radicals » We now 
provide the insight that it is in geneiral nor. rri fj-urocanic 
acid per se that provides modulation or repression of Immune 
responses, but: oxidation produces? o£ ux:uc<aiilL; dcld, chat for 
.'escample have arisen after ultraviolet light (UV) exposure ot 
for eaceiinple skin. Herein, uroccuiic acid ^uavtsiif^tt& radicals 
created by UV e^cposure, is thereby oacidised to for eicample 
imidd^olcr conUciinixag uroccinic cicid derivatives^ such as 
imidazole-4-carbo3cyaldehyde, imidazole-4 -acetic arid or 
imidazole-4-*carbo3cylic acid^ which subsequently modulate « 
suppress or miticjate a mounting immune response of the body 
CO che UV induced tissue damage , 

By providing insight into this natural mechanism, we 
provide insight in immune modulating mechanisms that are at 
worlc to keep (ovar'ly .=:trr)Tig) i rnimjuR T-esponses, tor example 
directed at UV exposure at bay. The invention thus provides 
use of a pharmacexiti rral nomposi t ion comprising an oxidation 
product of urocanic acid for modulating immune responses; 
against various stimuli, thereby niimi eking a, previously 
untonown, natural action of said product ♦ Herewith the 
invention provides a metnod. to modulate an iimmme response of 
an animal, for example a human being, comprising treating 
said animal with a pharmacetitical composition comprising an 
oxidation product of urocanic acid, foir .example wherein said 
product is an imidazole 5?uch as i mida2:ole-4-cart)axyaldehyde, 
imidazole-4-acetic acid or imidasole-4~cairboxylic acid or an 
im±da:zolon derivative of urocanic acid such as 3-(4- 
imidazolon-2yl ) -acrylic acid and 3- (4-imidazolon-5-yl) 
acrylic acid, Tn particular the invention provides the use of 
one or more UCA photo -oxidation products as immuno modulator 
in various sicin disea«;e.^, ftuch as psoriasis nr dermatitis » 
Furthermore, the invention provides ci pharmaceutical 
composition comprising urocanic acid or tunctional equivalent 
thereof for its radical scavenging properties, whereby said 
composition is additionally used as immuno modulator. 
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optionally alr-eady cotnprising oxidation products havincj 
Immune modulatory fxinction- 

The invention ie fxirtliex- explained in the detailed 
dftfsrrription without: limiting the invention cUeireco. 

pgir^ailed description 



rrans-UCA. cis-XJCK, rtjlciUed imidazoles and non- 
imidazole compounds were tested with jregard to their abilxcy 

lO . to compete with dftoxyrihose to scavenge hydroxyl radicals- On 
expos* ure to hydroxyl radicals deoxyribose is degraded into 
malondialdehyrii^i, which reacts with thiobarhituric acid to 
form a pink chromogen. Powerful hydroxyl -radical scavengers 
will compete with decxyribose, resulting in a reduced amount 

15 of malondialdehyde [22], Ten cou^unda, UCA, UCTS. analogues. 

alanine and uric acid (Fig.i) were rested on their ability to 
scavenge hydroxyl radicals. 

Method: the deoxyribose (dR) degradation te^L, The 
test was analogous to an earlier described method [221 - 

20 Briefly, the reactions were performed in 5 mL screw cap glass 
tubes in a final volume of 1.0 mL. sodium phosphate buffer (50 
mM; pH 7.2), containing 3.0 mM 2 deoxy-D-ribbse, 0-5 mM 
hydrogen peroxide and one of the teot compounds at graded 
concentrations- The reaction was started by the addition of 

25 premixed disodium EDTA and fcrrouo iron solution (final 

concentrations o . b mM and 0.2 mM. respectively). The mixture 
was left for 15 minutes at room temperature. After addition 
of 1.0 mli 1 % thiobarbituric acid in 50 mM NaOH and 0.75 mL 
2-8 % trichloroacetic acid, the tubes were heated for 2 0 

30 minutes in a boiling water bath. The pink color waa read at 
532 nm and reciprocal absorption values were plotted against 
the concentration ot the test compound after subtraction of 
appropriate blanJcs* A series of six duplicate determinations 
from test confound dilutions was employed Lo construct a 

35 graph slope for the calculation of a rate constant value. The 
mean, SD, number of rate constants and Lbe percentage of 
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iziblblLlon o£ deoacyxibose deqrr-adacian, calculaced for each 
r.e€:t. compound, ax-e listed. Results- All second-ox-der rate 
conscantfif fur ireaccian wxch Ixydraxyl radicals and, in 
addition, che percentage inhibition of deoxyribose 
degradation wich equimolar concentxatiuiw (3 iwM) u£ scavexiyex 
are summarized in Table 1- A typical graph wich slopes to 
deri-ve rate consC<aiiLS- £rom ia ahowii in Fly, 2 £ox- buLlx UCA 
isomers. Tran«-UCA and cic-UCA are substantially more 
powerful in scavenging hydT-oxyl radicals (ft.O and 7.1 x 10* 

respectively), than the other 4 -( 5 -substituted 
imidazoles, including L-tiistidine (2.6 lO*M"*.s'*). L- 
hietidine, the preeiirsor of UCA, was iricluded aa a known 
moderace scavenger V^y.^y.A} wirh ftrrucf.n-r;^! similaritiies co 
UCA. r.-alanine was used as a known poor scavenger (221 . 
rranS'FAA was tested as a non-xmidazoXe acrylic acid 
derivaLive, having a furan ring insteaci- This substitution 
yielded a very poor scavenging ability. 

Other 4- (5-) substituted imidazole analogues^ 
dihydrourocanic acid or 3- (imidazol- 4- yl) -propionic acid and 
imidaxole-4-aceLlc acid, showed moderace scavenging abiliLy, 
comparable to histidine, Unsubstituted imidazole and its 2- 
methyl derivauive appeared to be stronger scavengers than the 
UCA isomers. The well-known hydroacyl radical scavenger uric 
acid showed an excellent abilitiy (27.8 x lo* M-^-s'^^J • 

Trans-UGA and cis-UCA/ two epidermal coiT^o\inds, are 
good hydroxyl radical scavengers; their cibility is less than 
chat of uric acid, but larger than that of the other 4- (5-) 
substituted imidazoles, e.g. histidlnisi. 

Trans-UCK and cxs^-VCA are herein recognized as good 
hydro^eyl radical scavengers . Both icomcrs occur in 
sxibstantial concentrations in the epidermis, the latter in 
the TTV-esqdosed skin. There is strong evidence for the 
occurrence of hydroxyl radicals in the epidermis, especially 
upon UV irradiation [7] . Normal human akin contains 
approximately 200 uM iron [26,27], predominantly complexed 



trt fftrricin. Th« rftleaae ot firee lezx-ous ions Jay UV ir- 
radiation [28] axid che preaeixce o£ hydxro^czi peroxide [29,30] 
arft prerequisites tor tiie generation of hydroxyl radicals, 
other reports indicate the UV- induced presence of hydroxyl 
radicals indireccly since their effects on epidermal 
conacituencs could be neutralised with antioxidants [3l| 32] . 

UCA is an imidazole conopoimd and several otber 
imidazole derivatives have already been ahown to be good 
hydroxyl radical scavengers, e.g. histidine [22-24] , 
hictamine [33], hietidine containing dipeptides [24,34], 
. cimetidine and other histamine (Ha) receptor : antagonists 
[35] . Thie etudy reveals that eevez-al other imidasoles show 
similar properties (Table 1} . Hydz-oxyl rctdiucalt? uau react 
with the imidasole ring to form imidazolone derivatives. 
Their formation has led to the proposal to use the 
imidasolonea of hiotidxne and hictamine ac markers for 
oxidative stress [23^33] , T]ie irnportance of the imidazole 
• ring in UCA. moleoules was also demonstrated in our 
experiments. The poor scavenging ability of trans -FAA, having 
a furan x-ing instead, was a remarJcable contrast . Furthermore, 
the presence of the acrylic acid moiety in UCA molecules 
conjugated with the imidazole ring may account for its 
ixxcxeased scavenging ability tuwaxd^ hydxoxyl radicals as 
comparsd to the other 4- (5*) substituted imidazoles. 
UnsubuUituted imidazole and its 2 -methyl derivative are 
stronger hydroxyl radical ecavengers, accentuatinrj chat thft 
presence of an imidazole ring is a prereguisite lax 
sufficient hydroxyl radical scavenging ability. However, 
these compounds do not occur physiologically and are harmful 
(liDj^, oral rat 220 mg/)cg for imidazole and 1500 mg/lcg for 2- 
methyl imidazole) . 

ITjrans-UCA and ci^-UCA. do occur physiologically, mainly 
in the epidermis, with relatively high concentrations- our 
findings point to a new physiological role for the UCA 
isomers, besides the suggested roles of crans-uCA as natural 
stmsoreen agent and ci£3-UCA as immimoouppronoant . STjrajis-UCA 
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i ««a «s-UCZA may be major epidermal hydroxyl radical 
'aeavengara, providing a new view on the ancioacidant s^.at-.ll^5 ol: 
Che Bkxn. The findings chac 1. UCA isometa are youd liydro3cyl 
radical scavengers, though not as stroncy as uric acid, and 
5 Lhat 2. Che UCA itiumera already occupy relatively high 

concentrations in the skin, create possibilities to apply rhft 
aCA isuiwert? as xton-coxic diiui oxidant: additives in food and 
cosmetics in relatively high concentrations. Trans-UCA 
(commercially available) should be preferred, t)ecause cis-ucA 

10 inay «=5^ert iiranuriosuppressive ^s^fecLs , 

In contrast to the photoisomeriasatiou of UCA, not much 
acceiiLiuxi hcia as yet been yiveii Lo the oxidation of UCA. In 
particular, the reaction of UCA isomers with the very 
reoictive hydroxy! radicals should be explured. Hydxoxyl 

15 radicals can be generated from hydrogen peroxide upon T.TV 
irradiation, and from hydrogen peroxide in contacL with 
reduced metal ions, e.g. ferrous (Fe**") ions. UV-A 
irradiation of Lrcuito-UCA ur triw-UCA with bydrocieia peroxide 
only results in UCA photoisomerizacion and not in UCA 

20 phocooxidacion. The lack of correlation between UV-A- induced 
ci^-UCA formation and immiinosuppresaion (10) may be another 
indication for a role of UCA-oxidation products in skin 
immmioluyy . These compounds can eitiher be Tormed in LUe 
presence of hydrogen peroxide upon UV-B ' irradiation or by a 

25 Fenton reaction; both reaccion types leading co comparable 
sets of oxidation products ao determined by chromatographic 
. patterns . The common oxidizing species of both reaction types 
is most likely the hydroxyl radical. Starting the oxidation 
With crans-ucA or with cis-UCA yielded similar 

30 chromatographic patterns. In relation with hydroxyl radical 
scavenging of the UCA isomers, it should be noted that UCA 
isomers may as well interfere with UV- Induced 
immunosuppression r.hrnugh scavenging of radical specie.s. 
The presence of the acrylic acid moiety in UCA molecules 

35 conjugated with the imidazole ring may account for its 



increased scavenging abilicy towards hyxiroxyl radxcale as 
conipGLX'ed co non- 00x13 ugat:ed i.mida?.ol such as hlscidlne and 
hiscamine . Xr may also accouiit- for chc diver-aity of the 
formed o;?£±dation products. 

Materials and methods 

High Peyformance Lxcruid rhrnmarQCrraphy (ITPTjC) 

TrsLX2s-UCA and cris-UCA were separaced from each uLher 
and tTcm eeveraX UCA oxidation products ou a 4.6 250 mm 
AJ,ltxma C^e and a Lxwa C^g reversed-phase column (Alltech, 
Deerfield, II and Phenomenex* Toixence, CA, reap.) with a 
flow of 0.8 mli/min, delivered by P-3500 HPLC-pumps 
(Pharmacia, Uppsala, Sweden) . samples of 2 0 to 20*0 fili were 
injected by a Promis II aurosampler (Spark Holland, Emmen^ 
The Niathftrlands) and chromatographic data w^xe recorded on an 
SP 4270 integrator (Spectra Physics, San .Jose, CA) - Peak: area 
data from samples wer-e only processed under identical HPI*C 
circumstances • A TJV> detector (Applied Biosyatems, model 759A. 
Foster Ciny, ca) was set for 226 nm detection, Isocratic 
elution was performed with 10 mM ammonium formate buffer^ 
containing 0.2 - o.a mM tetrabutylammoniuiudBA) formate and 1 
% acetonitrile (pIJ 7.2). Collected fractions were acidi tied 
with tormic acid up to a final concentration of 100 mM and 
passed through C^g colid phase extraction columns UTT Baker, 
Deventer, The Netherlands) in order to remove TBA. 
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Pl^uciooxidation 

A l-ciii quaxtz cuvecte , filled witli 1,4 mL* oamplo, wa« 
5 placed in the p;9'rallel Jaeam of a filtered 1000 W xenon <az:v 
lamp (Oriel, Stracford, CT) . The sampleo were macpaet^iaally 
stirred rlnrlng irradiation. To minimize infrared (heac) «nU 
v'isible radiation, the beam was paascd through a wacer filcar 
(7 em) , reflected t>y a dichroic mirror and filtered through <a 
10 l-tnm UQll filter. Short: wave cut off was achieved by passing 
the beam throxigh WMftO^ WG305 or WC53:ib filters with 3 mm 
thickness each (Schott- Jena, Mains, Ccrmany) . Xenon laiiip 
emission ti.t.ter#?.d through WG280 Included UV-C, UV-B and UV-A; 
through WG3 05 UV-B and UV A and through WG3 35 only UV-A was 
15 included. Two narrow bands in the UV-B and UV-A spectral 

regions were selected no monitor the xerxon-arc emission. The 
probe of a calibrated liG&G 550 radiometer (salem, MA^ USA) 
was equipped with a neutral density filter and narrow band 
tilter type UV-M-IL. (Schott- Jena) with a transmission maximum 
20 of 21 % at 303 nm and a half -width of 11 -S nm to monitor UV-B 
or with a r.ype uv-piia (Schott -Jena) with a transmission 
maximuin of 46 % at 3 G3 nm and a half-wxdch of 7.7 am to 
monitor UV-A. Transmission spectra of tHe optical filters 
wesre checked on a Pertein Elmer Lambda 4 0 UV/VI6 opectrometer 
25 CNorwalk, CT, usA) . 

Additional irradiations were performed with 
fluorescent tubes Tlii2, used as a uv-B source, and TlilOR, 
used as a UV-A source (Philipo, Bindhovexi, The Netherlands) , 
on Ramples rhar. were magnetically stirred in sma.ll Petri 
30 dishes. The UV-D output was measured with an IL 443 

phototherapy radiometer, fitted with a SEE 124 0 silicon 
detector probe and the UV-A output with an lU 442A 
phototherapy radiometer with a SEE ix5 detector probe 
(International Iiight, Ncwburyport, MA, U&A) • 
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Penfcon oxidation . 



UCA icomere (10 or 40 >iM) were o^cidized witti ;g 
tiydroxyl -radical- qeneratijig isy^i^^m cimt consisted of various 
5 concentrat;iozxs of ferroue ions (10 « !;oo iiM) and a fixed 
hydrogen peroxide coziceiiLraciozi of 500 fiM (^he Pencon 
reagent) , either in a sodium phosphate (10 or 20 mM) medium 
of pH 7.2, or in ulcrapure water • Xn addition, two hydroacyl- 
radical -generating ayctems with copper innpt (Cir*) were used, 
10 consisting of 5 0 /tw L»"u^' wich either 500 pM hydrogen pesroxide 
or 5 mM ascorbic acid. 

Synthesds of referena^ campniund Imidazole-^ "CetrboxaldLehyde 
(4- fozmyl Imidazole ) 

15 

4- (Hydroxymechyl) imidazole-HCl (4 roinol) was stir-red together 
wit;h sodium bicarbonate (e ramol) in 4 ml methanol for 1 hour 
at. room temperature- The methanol was evaporated and the 
xtitf Idue was extracted with a chloroform/ methanol 1 1 1 • After 

20 cent ri fugat ion at 3500 rpm for b minutes the supernatant waa 
evaporated and the residue was taken up in 2 0 ml hot dioxajie. 
4.4 a manganese dioxtdft (activated; for synthesis) was added* 
followed by a refliox reaction for 2 hours. Manganecie dioxide 
was removed hy filrration and ttie filtrate was evaporated, 

25 Crystallization was carried out in methanol . The yield was 95 
rog of fine off-white crystals, 25 % of maximum yield. The 
melting range waa ISO - ISS)** C : 173 175"* C) . Melting range 
of .starting material was lOH - ill* C and of the oxidation 
product imidazole- 4 -carboxylic acid 2D4 - 2£?5** C. UV (water) 

30 (log c) 257 nm (^.flB). 

Results 
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UCA isomers and ohotooxidation 
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The o-o bond of hydrogen peroxxde can be cleaved by uv 
radiation to yield hydx-oxyl radicals. Becaixae both UCA 
isomers could effeccively scavenge hydroxyl radicals, ic is 
5 to be e^cpected that UCA will be degraded and/or converted 
inco oxidation produces. 'iHe ability of siwulaced solar uv 
radiation to convert traiae-UCA in the preesence of hydrogen 
peroxide into phot ooxidat ion products was tested in vitro and 
analyzed by reveraed-phase HFXjC analysis- Hydrogen peroxide 

10 eluted close to void volume and trans- UCA and cis-UCA eluted 
war.h markedly different elution times of 20 and 64 tnin (Fig* 
3a -d) - The unirradiated Q;c;ntrol sample did not show any 
interaction between trans-UCA and hydrogen peroxide (Fig- 
3a) - Exposing tio i^M trans-ucA in the abfsenrft of hydrogen 

15 perojcide at pK 7 - 2 Lo WG2 80 • filtered xenon-arc emission 

(includina UV-C and UV-B) resulted only in the formation of 
ciS'UCA via the pxocesjs of photoisomerlzatloh (Fig. 3b)- 
Howevcri when t«u2S-UCA was irradiated Ui the presence of 500 
fM hydrogen psroxide under identical conditions, many 

20 addiciondl ptialcs appeared in the chromatogramfi and both 

tr-ans-UCA and ois-UGA peako were strongly reduced (Fig. 3c) , 
indicating a certain photochemical conversion or breakdown. 
Bight main photoojtidauion products were recognized as new 
peaks isased on retention times and were assigned in the 

25 chromatogram (Pig- 3c) . 

In conr-Tast^ when exposures wear© performed with 
cimulatcd solar radiation froui which both UV-C and UV-B were 
t>lociceri out by a WG335 filter, virtually no photo oxidation 
products were fouxid (Fly- 3d) . Only UCA photoisomerization 

30 was apparent, which is in accordance with earlier reports (2, 
3) . The ratio of cx-^/i^-UCA to c:ls-UCA phocoisomerization was 
not affected by the degree of photoo:?cidative bx*eakdowii. , 
Blocking out UV-C by the use ot thft WG3 05 filter showed 
intermediate results (Table 2) - This irradiation condition 

35 has the closes* t simulation with the spectral UV distribution 
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of tex-x-escarial solar- radiation pxroduced by an over-haad sim on 
a laright day. Tests wich the fluorescenc laups 12 (UV-B 
and UV-A; some XJV-C) and TLIOR (UV-A) confirmed the above 
findings trnat UV-B and urv-C iiave phoco-oxldacive ability- 
Although che UV-A doee of the fluor-ascent lan^ vas much 
high*=sr than that of UV-B, Che yield of UCA photo -oxidation 
products waa much lower with UV-A (Table 2) , The formation at 
photri-n^cidation products was quantified by smnnriincr the eight 
major peak areac (in arbitrary units; peaks A - H) . The 
degree of photo -oxidative breakdown, thts yield of photo- 
oxidation productc and the degree of UCA photoisomerization 
under different irradiation conditions wexe summarized in 
Table 2 • Taking the various emisfiione of these ITV «;r>urces 
into account, the photo -oxidative ability of UV radiation 
became substantial with wavelengths shorter than 
approximately 320 nm. Experiments with e.'i£>-UCA yielded 
simildx results, except that cis-UCA/ tran^a-UCA ratios were 
incroaoed in this series (data not shown) . 
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tJGA 3-OQtne!ir£3 and Pent on oxidation 



In che next series of experiments we stud.ied the 
Fencon oxidation of UCA/ representing curiother nettiuiral 
oxidation process . Tranfif-UCA and cis-UCA isomers were Penton 
oacidized by ferrous ions (Fft*') and hydrogen, peroxide at 
ph-ysiologrical concentrations. Tiie initial hydrogen pero^cide 
f?oncent ration was 5 00 /iM and the ferrous ion concentration 
was varied from 0 to 50 0 ^tM. In all Penton oxidation 
reactions the degree o£ UCA- isomer breakdown was calculated 
from their reduced peak areas . The oxidation reaction muct 
have been completed within 2 minutes for all reaction 
conditions/ because no further breakdown was observed after 
prolonged incubation. Hydrogen peroxide without Fe^* had no 
effect on the UCA isomers at all? however^ Pe^* without 
hydrogen peroxide reaul red in a slow breakdovna of UCA isomers 
after prolonged incubation (data not shown) • 

The sequence order of addition of Che two Fenton 
reagents did not markedly affect the UCA breakdown and yield 
of oxidation products, except at a low UCA concentration of 
10 /xM. When Pc^* was added after hydrogen peroxide^ a larger 
breakdown and a smaller yield of Kent on -oxidation products 
were observed^ whereas the reversed- oeguence order gave 
ap]pa&xti& results (data not shown) . 

When the Pcnton reaction was performed in water 
instead of phosphate butter, the oxidative breakdown of 
trans-UCA was enhanced irrespective of the UCA concentration - 
The turbidity seen in reactions performed in phoshate buffer 
(10 raM) with high Fe^* concentration 

{> 100 /iM) was probably due to the formation of insoluble 
iron phosphate, thereby reducinq the fret; availcibillLy of 
Fe^^. Table 3 summarises the difference between water and 
phospliate medium for trans-UCA a-t cin initial concentration of 
40 iM with respect to its breakdown and the formation of 
Penton-oxidation products. Similarly to the photo-oxidacion 
experiments^ the peak areas of the 8 major oxidation products 
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were summed. Conqpcirable results were ob^^lzied with cas-TJCTA. 
{dat:a not shown) , which f indizig is in acfroardance wich Che 
ccTnparab1fi> rate conscancs of cz-ans-UCA and axs-XSCA in the 
deoxyrlbose degradacion experiment (Table 1) . A close 
reseniblance was obseTVRd between Che chromatographic patteamo 
of UCA Fentorx u^idation producta (not ohown) and those of UCA 
photo -oxidation products. Three of them has been identified 
(vide infra) - 

When two other hydroxy! -radical -generacincj syipuems based 
on copper ions (Cu^*) were investigated with tx-ans-UCA, the 
coinbination of Cu'*' (50 >iM) and ascorbic acid (5 thM) wxthout: 
hydrogen peroxide caused an alrnost compleue bx-eakdown of 
Lxruns-VOi (3 % left) , whereaa the sysrero with Cu=* (50 /iM) 
and hydrogen peroxide (500 //M) showed little effect (86 % 
crans-UCA left) • Evaluation of the data was difficult with 
the ascorbaue system, because several interfering peaks had 
occxirred in the chromanograms . which were probably derived 
from ascorbic acid and its oxidation products. Both syt«nia 
are considered to be ot minor ini(portance for the situation iia 
vivo, but these results indicate similarities in oxidative 
behaviour uf the UCA isomers, independent of the nature of 
the hydroxyl -radical -generating system, 

DCA isomers and Fenton oxldaj^iazi. 

Ill another series of experiments we studied the Fenton 
oxidation of UCA, representing another natural oxidation 
process. The initial hydrogen peroxide concentration was 500 
^ in all experiments and the f ferrous ion concentraLlon was 
varied from O to 4 00 i^M- Fuur sets of conditions were 
compared $ 1. Pe** in phosphate buffer pH 7.2 , 7. Fe''' in 
phosphate buffer plus EDTA . 3 . Fe^* without buffer with a 
initial pH of 5-5 - 5.3 and 4. Cu*' in phosphate buffer plus 
ascorbate. The decree of breakdown was similar for both UCA 
isomers • Table 3 shows oxidative breakdown ot trans -UCA with 
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hydrogen peroxide in increasing order: condicion 1 < 2 < 4 < 
3 . 

The addition of Pe*" ac tinal concenr rat ions of 100 - 
40 0 fM in phosphate buffer caused a turbid solution of 
insoluble xron phosphate, under this conditioxi uUe: »nialle©t 
decree o£ breakdown was established. A limited availability 
of tree Fe** is assumed to reduce the oxidative breakdown of 
UCA. At the other hand, con^laxation of Fe*^^ to RDTA did nor 
cavf^fi a turbid reaction mixture and a larger breakdown was 
established (Table 3) . The largest breakdown was seen in the 
absencA of phosphate butter, with a less defined pH value of 
S«5 to 5»3 , dependent on the UGA concentration (40. 100 or 
7.50 ]iM) . AC the start of the Fenton re«icLion in the 
unbuffered medium, there was a rapid fall of the pH value 
from 5.1 to 3.4, with initial concentrations of trans-UCA, 
hydrogen peroxide and ferrous ions of 250, 500 and 40 0 /xM, 
respftcti w.iy. Ws attribute this effect to the unbuffered 
liberation of relatively strong acids ^ such as glyoxylic acid 
(GliX) . Similar results nf breakdown, though slightly less 
pronounced, were obtained with a±s UCA (Table 4) . This 
finding is in accordance with the con^arable second order 
rate constants of urans-UCA and crii>-TJCA for hydroxyl radical 
scavenging (8) . Hydrogen peroxide without Fe*' had no effect 
on the UCA isomers at all; however, Fe** .without hydrogen 
peroxide resulted in a partial breakdown of the UCA isomers 
upon, prolonged ineixbation of one day (data not shown) . 

The primary oxidation products foirmed are ImCHO and GUC. 
Additional experiments in which ImCHO was used as starclng 
mciterial, d yield of virtually 100 % ImCOOH was obtained 
after Fenton- or phocooxidation. In UCA Aamples that were 
highly oxidized (containing 4 % UCA) XmCOOK was the major 
226 nm absorbing compound, whil« TmCHO rronccincrarion was 
largely reduced. An additional experiment demonstrated that 
under this oxidative condition th« ^^Id^hyde (ImCHO) was 
oxidized to the carboxylic acid (JmCOOII) . GUC. wac analysed in 
lower amounts than ImCHO in all cases studied (Table 3), 
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except for the Fencon oxidacion o£ 40 jiM UCA (Table 4, 
secrion 3-X aixd 3.4), Trans-UCA and c?is-UCA in relatively 
high concentration of 250 |iM were broken down for 76 % and 75 
3r, raspectlvely, by the unbuffered Pencon oxidation system- 
Table 4 section 3 eilso slxow:^ Lhat Lbe yield of o^cldatlon 
products was proportional with the Initial UCA concentration. 
Remarkably, the yield of ImCHO fx^oiii cia-UCA was siibstantially 
larger than from trans-UCA. In the phosphate buffered Penton 
syacem a comparable breatoiown ana a comparable yield of 
oxidation products wae recorded, irrespective of the initial 
VCA concentration ran^e from 40 to 250 ixW (T^le 4, section 
1, only results of 4 0 fM are shown) . In the presence of EDTA, 
a larger breakdown and a higher yield of ojtidatloxx p£uducCfi> 
(in particular ZmCHO) resulted (Table 4, section 2) . This 
yield was raised as higher initial UCA concentrations were 
used. In the lonbufffered systetn, the highest degree of 
breakdown of all tested systems was recorded. The oxidation 
product yield was nhe largest of all systems when rhe initial 
UCA concentration was high (250 /zM) (Table 4, section 3) . 

When another hydaroxyl-x-odical -generating oyateiU/ based 
on copper ions (Cu**) was xnvesti. gated, the combination of 
Cu^' / ascorbic acid / hydrogen peroxide caused a large 
breakdown of crans-ucA (Table s) and a moderate yield of uCA 
oxidation products. In favor of ImCOOH. Without ascorbic 
acid, the system with Cu^* (50 ^iM) and hydrogen peroxide (500 
MM) showed little breakdown (88 % trans-UCA left; data not 
shown) , For the situation In vivo, one must remember that the 
epidermal copper content is lower than iron (2$) - 

2,3.4, UCA Gompaz-od in PBatian and phovooxldatian 
A close resemhl anr?e waj? obj3<=^rTre<i between the chroTn;9r.ographic 
patterns of UCA Penton oxidation products and those of UCA 
phot ooxidat ion products (Fig. 5) . Aiao under phot ooxidat ion an 
oxidation inhibiting effect was seen in phosphate of pll 7.2, 
Whereas the yield of oxidation products was in favor of ImCHO 
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(Table 4, seculon 4 versus 5) . In photo- oxidation, tha 
breaJcdown of cis--UCA. was ,<?ubfitiant:±ally decreased In 
COinparlBon Wicti Che tjraxat? isomer (Table 4, aeccion 4-€) , In 
Pencon oxidation, this effec^- was less pronounced* The daca 
of Tatole 4 wex-ts given for air sacuraccd colutione. Argon- 
purging of tlx© solutions, prior to Fencon - or 
phocooxidation^ enhanced UCA breakdown as well ae t^he yield 
of oxidation produces, both t>y a faccor 2 co 3 - HeaLlxiq (to 
37^ C) oL arcfon-purg^ed aolutiona allghtly enhanced 
the yield of ImCHO. 

The data o£ Table 4 indicate a diacroponcy ('gap') 
between mlex-oniolas of XJC.K isomer broken down and mlcromole&s 
ol oxidation produces formed. The smallest 'gap', though 
fitill 52 %, was found after the oxidation of cis-UCA in the 
uxibuffered syatem (section 3). Thin layer chromatography 
(TLC) gave more insighn in the *gap* products, Lliat were not 
feseen in reversed phase charomatography, using UV detection or 
fluorescence rifttection. TLiU carried out on silica with the 
eluexiL isopropanol / ammonia 25 % (4 ; 1) showed an array of 
elutable, partly ov<ar1 apping fluorescent spots and a 
fluorescent spot at the start position (data not shown) - 
However, the initial wp.ight of trans-uCA, introduced in a 
photooxidation eaqDeriment with extencive UCA breakdown 4 % 
of eaeh UCA isomer l^.fr. over) , was not lowered much 14 %) 
after sevcres photooxidation. This finding indicated a 
predominant formation of non-volatile, solid material in 
stead of gaseous compounds ^ such as COj and water • The TLC 
pattern and rh« weighing experiment points to a possible 
hydroxyl radical initiated chain reaction of UCA, resulting 
in the formation of substannas that may fill the above 
mentioned gap. These substances may not be fully detected 
under the cfax-omatographie conditions used tor the 
simultaneous determination of the UCA icomero, ImCHO and 
ImCOOK. 

2*3.5. Ixih-LhlUlari uf ooiic&at: iiypsz-sGxisitlvity. 
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Tile inhlblcory effeccs of the ircA oxidaci.oa produces 
are xllustra^ed in Fxg- 5- Maacimum ear swelling reBpr>nae was 
normalized co lOO The larr^est reduction was obtained with 
the residue of severely phocooxidized UCA (PO mix III) , 
concaining lees than 4 % xes&idual cis~UCA* It resulted in 
only 19 % ear swelling (81 % reduecion of swelling} . Even a 
te-Tifold dilution at that mix (0.2 g/1) reduced the ear 
swelling markedly 129 % ear swelling) , which is of similar 
lev«l nhe ettect of cis-ucA in a concentrarion of i cr/1 
(31 % ear swellincy) . AjiuLhcx reviaa.rkable effect was obtained 
by mi:3ciiig the three identified imidazoles- When we tested one 
of Che imidazoles alone (l a/1) , only a moderate effect was 
seen, however, when tested mixed together (1 g/1, each 
imidazole 0,33 g/1), a synergistic effect was observed (26 % 
ear swelling) . Glyoxylic acid and oxalic acid, as arramonium 
salts, did noc exhibit significant inX^ibicion of CHS. 

UCA phoLcj-oxidation on a oreparative scale 

ConceixLraLlui^s of trans-UCA and hydrogen peroxide were 
largely increased, as was the UV exposure, to obtain laxrger 
amounts of IJCA photo -oxidation products as collected 
fractions from the reversed phase column for further 
analysis;- A typical chromatogram is shown in fig, 4* Four 
fractions, designated as 8, Rt 10, R,. 14, R,. 17, were 
finally selected for identification (peak A. 1-3 in Fig- 4) . 
Prior to analysis, tetrabutyl ammonium was removed by solid 
phase extraction on C\o silica. 

Td<ant i f i t i on 

Re 8 was identirxea as imiaa2oie-4'Carboxaldeiiycie 
(ImCHO) . Itc UV-cpeetrum was identical to the synthesized 
(see below) reference compound with an absorption maximum of 
257 nm. Co-injeotion of R^ 8 with synthesized imida2ole-4- 
carboxaldehyde resulted in a single chromatographic pcsak with 



20 



a retention txme of 8,13 mixiutee. Further evidence is ro be 
coixected (peak A in Fig. 4) . xtie amount ur imCKO in the 
photooscidized UCA damplc was gradually reduced upon storage 
an -P.O** C. 

10 was identified aa imidazole- 4 acetic acid. Xns 
UV-spectxum was identical with an absorpcio^i uusuciiuum of 213 
ntn. Maaa opectxxim wae obtained with electrospray technique 
and Ghe dry san\ple was created wiuh mechanol/HCl and n- 
butaxxol/HCl before analysia* A paak at mass 140 was nhtained 
after methylation and at: mass 183 <xCl&x butylacion. 
Consequently f the maae o£ the original cotT^ound was Co- 
Ind action of IO wich commercially avdllable imidazole-4- 
aoetic acid resulted in a single chromarographi c p^.ak with a 
retention time of a ,98 minutes (peak i in Fig .4) . 

14 was identified as imidazole -4 - carboxyl ic acid 
(ImCOOH) . Its XJV-spectirum was identical to the commercially 
obtained reference compound with an absorption maximum of 22 6 
nm- Frocon resonance (IH-MMR) analy&is was done in D^O, 
showing imidazolic protons in a ratio 1:1 with shifts of 7.76 
and 7 . 53 ppra. Mass spectrum wttt? abtctined with electrospray 
technique and the dry sample was treated with mftthanol/HCl 
and n-butanol/HCl before analysis, A pecik at mass ±26 was 
obtained after methylation and at mass 169 after butyl on. 
consequently, the mass of the oriqinal compound wats 112, Co- 
injection of 14 with commercially available ImCOOH 
retsulted in a single chruauatogiaphic peak with a retention 
time of 14-73 miautos (peak 2 in Pig. 4) . The amount of TmfJOOH 
in the phuLuux-idized UCA t^cimple was gradually increased upon 
-storage at -20*' C, 

Svnthea is of imidazol e - 4 carb.oxa 1 dehyde 

(4 -formyl imidazole; FW = 134.5) from 4- 
(hydx-oxymethyl ) lmid<ai:Dle-HCl - 

53 8 mg starting material (4 mmol) was dissolved in *" 4 
ml methanol and 500 mg NaHCO^ (6 mmol) was added- The tube 
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was occasionally srxrred for* €0 min/ altiemat:iv^ly ac 4** C 
and ar. warm water cemperature , CO^ was allowed uu escape 
from Che glass truibe. The mtx wac divided, actress several 
Eppendort tubes and subjected to Speedvac treatment ^or 1 
hour. Residues were white solids with light-yellow sirupy 
liquids, Chlorotorm/methanol mix 1:1 was added to the tubes 
with subsequent gentle warming and stirring. NaHCO^ was 
separar.fid by centrif ugation of the combined fractloii:^ ac 3500 
rpm for 5 min. Clear supernatant was kopt overnight at -?.n* C 
to allow Che precipitation on additional NaHCOj. Then, the 
solution waa cleared by filtration and evaporated to dryness 
with a Rotavapor device. The residue was taken up in 20 ml 
dioxane with magnetic stirring and 4.4 mg MnO^ (activated; 
tor synthesis) was added in the same flaak. The residue may 
not have been dissolved completely in first instant ion. The 
mxx was refluxed Cor 2 hours on a pararrixi oil bath* The warm 
solution was filtered and MnO,^ was washed once with warm 
dioxane. Dloxane was evapuxated with the Rotavapor® yielding 
a white and yellow fin© cristalline solid. Cry55r.<^ 1 lization 
was carried out in methanol repeated times- Small volumes of 
methanol were required, because the residue dissolved well in 
methanol . 

:Cield: " 20 mg (lit: 475 my) of fine off-white 



crystals . 



M.p. ; 



167 • 168^ C (lit; 173 - 175° C) 
4- (hydroxymethyl) imidazole-HCl : 1 OR - 
111'' C 



M.p. ! 



imidazole-4-carboxylic acid t 294 - 295"* 



C 



(lit,: Battersby AR ec a.1 . , J Chem flor. (Pericin 
I) 43 - SI, 1960) 



The results show that similar sees of several UCA 
oxidation products can be formed with tTV irradiation and 
without (Fenton reaction type) , Three products were 
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idencxfled ao £a3r« Wc aaaume t:.ha.t: bheoe compoxonde occur In 
Che upper layer o£ clie epidermis as well and a mechod will l^e 
developed to determine UCA. oxidation products ±n vivo. 
simultaneous break-down of ImCHO and the gfain of TmCOOH 
5 after ph.otooxidatxon has led to our speculation that ImCHO is 
slowly oxidized co ImCOOH during st-.o-rage. Many aldehydes are 
gx-adually oxidized to the corresponding carboxylic acids in 
contact with oscygen species. 

Two phenomena out of the puzzling mftchaniam o£ ci^-UCA 
10 induced immuno- suppression can be isolved if UC2L oxidac:ion 

produces would have imraunosuppressive properties* First, che 
abrogation of the immunoeuppression by antioxidants (19-21) 
in Che tnodel of contact hyper* sensitivity measurizifj ear 
swelling response. In our scope, the formation of UCA 
15 oxidation products Is prevented^ because of neutralization of 
the hydroxyl radicals by the antioxidants. Second ^ the lack 
Of correlation between cls-ucA formation by uv-b and UV-A 
(16) . No immunosuppression waa found with UV-A irradiaton, 
despite the fact that cls-lTCA wa-«! formed. In our scope, this 
20 finding may be e^^lained as the Inability of uv-A to 
photooxidisc UCA. Consequently, no UCA photooxidation 
products are formed with uv-A (results section) and because 
of that immunoeuppreccion would not occur, our findings axid 
the above assumptions may point to a important role for UCA 
25 (photo) oxidation products in the sJcin immune syc;tem. 
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Figmra 1. compoiinds resced in Uhit? scudy for hydr-oxyl 

5 radical suavexiBing oisility. (a) tzjrans UCA, (b) c?i^-UCA., (c) 
Li-lii0t:idiiie, (d> dihydr-oUCA or 3 imidazol -4 -yl) propionic 
arrld, (e) imidazole acecic acid, (£} 2-iiiec:hylimidazole, (g) 
imidazole, (h) L alanine, (i) t^raxi^-^-furylacrylic acid and 
(j) uarie acid. 

10 

Figur-« 2- A determination ot th^e second order race 

constants of crans-UCA and cis-UCA with ixydroxyl radicals. 
The race constant: wat* dcxlv^tsd from the slope of the line (k = 
slope X X [dR] ac A<,) , where Ao i « r.he alisorbance , measured 
15 in the cdj:^ence of hydrojcyl radical scavenger. was taken 

as 3,1 X 10^ M"'^ , s*"^, derived from p\3lj=ie radiolysis studies 
[6] i and [dR] - 3 itiM, The rate constants in this particular 
cet wore 8-49 and 7.33 5c xo*M"^.s'^ tor tr<3n'?--f jcta and cis-UCA^ 
r«Kpectively . The other scavengers were studied similcaxly. 

20 

Figure 3. Chromacograms of 80 crans -urocanic acid in 20 thM 

phoshatti bufftsx pH 7,2. The initial concentration of hydrogen 
peroxide was 500 }iM. Injection volume waf? «n /LtJ,. 
a, wich hydrogen peroxide; not irrcidicittsU, b. without 

25 hydrogen peroxide; irradiated with a WG280 filtered xftnon-arc 
lamp, c. wich hydrogen peroxide and irradiaced aa lb, d. with 
hydrogen peroxide and irradiated with a WG335 filrered xenon- 
arc lanip. Peaks assigned with A - H correspond with 
photooxidation products* Separation was performed on a 

30 Alltima column with UV detection at 210 niu. The eluent 
consisted of 10 mM codium phosphate pH 1.2 with 1.0 mM 
tecrabutyl ammonium hydroqen aulphuLfc:. ruruher t=xpei-imental 
conditions are described in the text . 
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Lie^endR (rant . ) 

PiguT-e 4- Comparable chrotnacographic pattems in che 
5 formaclon of UCA. ojtidciuioxa produces farom 80 tira-ns-UCA and 
500 hydrogen paxoxide in water (no buffer) . T.fttt: after 
Fencon oxldaciou with 250 /xM Fe^* and x-ight;, after 
phot ooKidat ion with 'full' UV, containing a UV-B doi=:A of 32 
JcJ.m'^. Tlie cis-UCA peak i^ ciu-iaaixxcj afceir Penton oxidation, 
10 due to th<a absence of phocoisomerizatl on . PeaJc assxgnacion CA 
- G) vas done as in Flguxt; ic. Peaks B^C and d refer to 
imidazole-l-carboxaldahyde, imida2ole-4- acetic acid and 
xraxciazole-4-cartooxylic acid, respectively, chromatographic 
conditions were identical to thoee applied in Figure ^ . 

15 

Figure 5* Inhibition of contact hypersensitivity as a 
reduction of ear cwelling response from HAX^B/o mice. Thfi> 
positive control (no inhibicion) was noririali^ed to 100 %. 
Im-mix is a mix of the three identified imidazoles (see 
20 identifications) and POmlx III is a mix of the cbree 

identified imida soles among several other unidentified UCA 
oxidation products^ obtained upon extensive phocooxidation. 
Rudimental trans- and cis-UCA are present in lower ramounts 
than 3 % (by weicyht) . 
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a. rrans -2 -furyl acrylic acid was not tested in eorxcenc rat ions 

> BrnM because of poor* solubri 1 i l-.y - 
t). n represtsxius the number of slopes from wbich the rate was 

calculated. 
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1. A miitliod for scavenginrj radicals in a sutDscance 
con\prX6±ng providing' s>a.id subscance wicix urocanic acid or a 
fimctlonaX equivaXexic thereot . 

2. A merhod accordixig to claim X wherein urocanic acid is 
5 trrazafr -ur ocani e acid. 

3 . A m^chod according to claim X or 2 wherein said 
i^ubsnaunce is aqueous. 

4- A method according to any one of claims i to 3 wherein 
said substance cotnpriaea a £ood produce or cosmetic product. 
10 5, Ub«% of urocanic acid as antioxidant or radical 
scavenger . 

6 . X7se according to claim 5 whereixx uroconic acid is trana 
urocanic acid. 

7, Use according to claims 5 or S In aq[ueous soXution;^. 

15 8 » Use accordiny to claim 7 in preparing a food product tyr 
cocmetic product. 

d. Use of urocanic acid for the preparation of a 
pharmaceutical composition - 

10* Use according Lo claim d for the preparation of a 
20 pharmaceutical coniposition for tlie treatment at oxidative 
stress • 

11. Use of an oxidation prodnrc ot urocanic acid for the 
preparation of a pharmaceutical composition. 

12 . Use according to claim 11 wherein said product is an 
25 photo -oxidation producL 

13 • Use according to claim 11 or 17 for the preparation uf a 
pharmaceutical compu^iuioxi for modulating the immixzie response 
of an animal , 

14. use according co cIaIiu li, 12 or 13 wherein said produce 
30 is an imidazole such «r imidazole- 4 ^carboxyaldehyde, 

imidazole-4-^acet:ic acid or imidasole-^ -carboxylic acid. 

15. A pharmaceutical composition comprising urocanic ac;id or 
fimctional equivalent: and/or on oxidation product: thereof. 
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16. A fciechod fox- the tz-eAtunenc of axidat:lve stix-esa o£ an 
anlma± con^rlBlzig LX'eat;!!!? aaxd animal wi t:b a pHanoac^eut^xc&l 
coRpositrlozi comprising uracanlc add or £imc:t:loxia.l dqulvaJexir 
tiiereof • 

5 17. A method Co modulate an Incnuiies zreaponse o£ an animal 
comprising treating said axixmal with a p^iajnnaceucicaJ. 
eomposicion comprising an oxidation product of urocanie^ acid. 

18. A method according to claim 17 wherein said product ic 
an imidasole such as imidazole- 4 -carboxyaldehyde, imidazole- 

10 4-acet:ic acid or imidazole-4«carboxyl Ic acid. 

19. A method according to claim 16 further comprising a 
method to modulace an immune response of an animal according 
to claim 17 or 18. 
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from and communicate directly with the person/organization who/which first sends this 
case to them and by whom/which I hereby declare that I have consented after full 
disclosure to be represented unless/until I instructed otherwise. 

Please direct all correspondence in this case to at the address indicated below: 

COOPER & DUNHAM 
' 30 Rockefeller Plaza 
^ giw York, New York 10112 

TJnited States of America 



Full Name of Sole or First Inventor 


Family Name 

Kammeiier 


First Given Name 

Arthur 


Second Given Name 


Residence and Citizenship 


City of Residence 

Amsterdam 


state or Country of Residence 

the Netherlands A/AX^ 


Country of Citizenship 

the Netherlands 


Post Office Address 


street Address 
Sneileveldplein 1 8 


City 

Amsterdam 


state & Zip Code or Country 
11 07 WB 


Signature of Inventor 


Date ^9 



